Patients were divided into three groups according to the location of the stricture: penile urethra (L1) (n = 109), membranous urethra (L2) (n = 70), and prostatic urethra (L3) (n = 45). Patients were also divided into three groups according to etiologic causes: strictures secondary to endoscopic procedures (E1) (n = 122), strictures due to urethral catheterization (E2) (n = 71), and strictures after open and radical prostatectomy (E3) (n = 31). Those with anastomotic stenosis were added to the third group (E3). Age groups were formed as patients younger than 60 years (A1) (n = 22), patients between 60-69 years (A2) (n = 38), and patients older than 69 years (A3) (n = 164). Patients were divided into three groups according to catheterization time as <2 (C1, n = 80), 2-5 (C2, n = 91), and >5-7 (C3, n = 53) days. Patients were analyzed in terms of recurrence rate and time according to stricture location, etiology, age, and catheterization time.
Operative technique
Urethrotomy was performed under regional or general anesthesia. Sterile urine was obtained from all patients preoperatively and intravenous infusion of 1 g of cefazolin was given both prior to the induction of anesthesia and 12 h after the operation. A 21-Fr urethrotome (Karl Storz, Germany) was inserted through the external meatus and a 3-Fr ureteral stent was passed through the narrowed stricture area. The stricture site was incised at the 12 o' clock position by a cold-knife urethrotome. An indwelling urethral catheter with a diameter of 16, 18, or 20 Fr was inserted after the procedure. The catheterization duration was 1-7 days (mean: 2.28). An informed consent form was requested from patients prior to the operation. Catheter diameter and catheterization time were determined according to the surgeon's foresight. The use of thick catheters and long catheterization period were avoided, but catheterization time was extended if the surgeon predicted the stricture to recur in a short time.
Data collection
Medical histories of patients, symptoms, and demographics were accessed through the patient files. Recurrence rates and times stored in the patient files were collected.
Outcome measures
The primary outcome of the study is the recurrence rates and recurrence times of patients who underwent DVIU. The secondary outcome is the relationship between recurrence rate and time and the stricture location, etiology, age, and catheterization time.
Statistical analysis
Pearson correlation analysis, Shapiro-Wilk tests, KruskalWallis tests, and Kolmogorov-Smirnov tests were used for the analysis of variables. Variables that had P-values of less than 0.05 in correlation analyses was included in the multivariate analysis. A two-tailed P-value of less than 0.05 was considered to be statistically significant. All analyses were performed using SPSS 21.0 for Macintosh IBM Corp., Armonk, NY, USA).
Results
DVIU was performed in 224 male patients for urethral strictures caused by iatrogenic reasons in the past five years. The ages of the patients ranged from 17 to 95 years (mean: 68.21). Demographic data of the patients are shown in Table 1 , and comorbidities and medications of patients according to age groups are shown in Table 2 . Strictures occurred secondary to endoscopic procedures in 122 patients, urethral catheterization in 71 patients, and open or radical prostatectomy in 31 patients. Strictures were located in the penile urethra in 109 patients, in membranous urethra in 70 patients, and in prostatic urethra in 45 patients. Fourteen patients were ≤59, 38 patients were between 60 and 69, and 164 patients were ≥70 years old. Catheterization times were <2 days for 80 patients, 2-5 days for 91 patients, and >5-7 days for 53 patients.
Stricture did not recur in 39 patients, while it recurred once in 98 patients, twice in 74 patients, and more than twice in 13 patients after DVIU. First recurrence time ranged between 14 and 1030 days (mean: 233.4). First recurrence occurred within 120 days in 22 patients (9.82%); 33.03% of the patients (n = 74) had a second recurrence in 1155 days of follow-up period and 5.80% of patients (n = 13) had more than two recurrences (mean: 3.46). Stricture was most frequently detected 120 days after the operation in the second recurrence, as in the first recurrence. Mean recurrence time was 48.74 days for more than two recurrences. It was significantly earlier than first and second recurrence times (P = 0.0023).
Recurrence rate was significantly higher in group E1 (P = 0.0013). Although first and second recurrence times were found to be 224 and 218 days for E1, 196 and 203 days for E2, and 233 and 221 days for E3, there was no significant difference between these intervals (P = 0.428). More than two recurrence times were significantly earlier in group E1 than in the other two groups (P = 0.0018). Table 3 shows recurrence details according to etiologic factors. Recurrence rate was significantly lower for L1 strictures (24.35%) (P = 0.0039). The rate was 57.85% for L2 strictures and 62.33% for L3 strictures. Recurrence time was earliest for penile urethral strictures for first, second, and multiple recurrences (P = 0.026). Recurrence details in terms of stricture location are summarized in Table 4 .
There was no significant difference in recurrence rates between the age groups. However, while first recurrence time was not different between groups, second and multiple recurrence times were significantly earlier in groups A1 and A2 than in A3 (P = 0.012 and P = 0.026, respectively). Table 5 summarizes recurrence details in terms of age groups.
Recurrence rate was significantly lower (P = 0.0043) and recurrence time was longer in the short catheterized group (C1) (P = 0.0027) than in the other two groups (C2 and C3). Recurrence details in terms of catheterization time are detailed in Table 6 .
Discussion
Male urethral stricture is a challenge for urologists from time immemorial (4) . There is no single procedure for all strictures and multiple techniques may be used in the same patient for recurrent strictures.
DVIU is widely available, safe, and quick. It can be performed safely in a single-day setting using a penile block or with local, spinal, or general anesthesia in an ambulatory setting. However, long-term success rates are poor, but better for strictures <1 cm, midbulbar-located strictures, and those with at least 5 mm of preserved lumen. Commonly, the results are not permanent and the stricture may recur in a short time, and many patients will progress to surgical repair (5) . DVIU was first performed in 1974 to treat urethral strictures by cold-knife incision (6) . Urethral dilation and DVIU are regarded as initial treatment options for most urethral strictures (4). Recurrence rates following endoscopic treatment of urethral strictures range from 30% to 80% (7, 8) . The variability of reported recurrence rates is wide due to the patient population's heterogeneity. There is no minimally invasive technique proven superior to any other.
In their study, Steenkamp et al. found that urethral dilation demonstrated equivalent long-term success rates for short (<2 cm) urethral strictures with urethrotomy (9). We treated urethral strictures using urethrotomy only, and all strictures were shorter than 2 cm. Although recurrence rates are high with endoscopic methods, they are widely available, quick, and safe. Pansadoro et al. suggested that the success of initial treatment of urethral strictures using endoscopic treatment (urethrotomy) depends upon stricture length, degree, and location (8) . Minimally invasive therapies were more successful in strictures of <1 cm in length (7, 10) . Strictures of <1 cm had a recurrence rate of 27% compared with 50% for those ≥1 cm in length in one study (7) .
Urethral anatomy in the male is important because stricture location designates the management. Patients suffering from urethral stricture consult a urologist for a variety of reasons that include acute urinary retention, obstructive voiding symptoms, recurrent urinary tract infection, or, more rarely, hydronephrosis, urethral fistula, or periurethral abscess. In a study, 214 men were queried and the most common complaints were obstructive symptoms (49%) and incomplete bladder emptying (27%) (11) . In a retrospective review of 224 patients who underwent DVIU, patients had the best outcomes with bulbar strictures with a luminal diameter of >5 mm (8) .
Midbulbar urethral strictures present the best outcomes when treated with dilation, incision, or ablation with laser. The corpus spongiosum is voluminous in the bulbar urethra, which decreases scarring. The outcome of DVIU is most likely to be successful in this segment of the urethra. Strictures of the pendulous urethra or strictures associated with spongiofibrosis recur more frequently (12) . In our study patients were divided into three groups according to stricture location in the penile urethra, membranous urethra, or prostatic urethra. The lowest recurrence rate was seen in penile urethra strictures; on the other hand, recurrence time was earliest for penile urethral strictures. The effect of etiologic factors on recurrence rates has not been investigated in previous studies. Recurrence rate was significantly higher in patients who underwent endoscopic procedures. In addition, more than two recurrence times were significantly earlier in the same group of patients than in the other two groups. The effect of age on recurrence rates of urethral strictures also has not been investigated previously. We found that urethral strictures tend to recur earlier in patients <60 years.
Our findings show that stricture is a very frequently recurring condition no matter in which location. Recurrences usually occur within the first 120 days after DVIU. There is no difference between the time of the first and second recurrence; it is not possible to say that a second DVIU protects the patient from recurrence for a longer time. The time to second recurrence after DVIU is earlier in patients under the age of 60. Time to recurrence is longer in patients over the age of 60. Penile urethral strictures recur less, but time to recurrence is shorter. We did not come across a study that revealed a relationship between the duration of catheterization and stricture recurrence after urethrotomy. In our study, the recurrence rate was significantly lower and recurrence time was significantly longer in the short catheterized group.
Some urologists argue that an initial urethrotomy is not cost-effective or beneficial in the long-term care of these patients due to high recurrence rates (10, 13, 14) . Urethrotomy is beneficial, especially in select patients (short, midbulbar strictures), and there is a general consensus that only one endoscopic procedure should be utilized prior to open surgical repair (15) . An initial urethrotomy is feasible and cost-effective and should be utilized in the initial treatment algorithm for urethral stricture disease (16) (17) (18) . Self-catheterization may be used after urethrotomy by providing urethral lumen patency.
However, it should be kept in mind that the stricture may recur after ending the catheterization (9) . Some patients may be treated with periodic Benique bougie dilations. It may be curative for patients with isolated epithelial stricture (without the corpus spongiosum). In a recent study, 31 patients with anterior urethral strictures underwent highpressure balloon dilation; the authors concluded that it was safe and effective and can be considered as an alternative treatment for anterior urethral strictures (19) . It should be considered that multiple endoscopic treatments may reduce success rates of open surgery and cause a more difficult surgical repair (20) (21) (22) .
In conclusion, DVIU is the most commonly used treatment alternative for urethral strictures worldwide. Despite frequent recurrences, the easiness to perform it and the inexpensiveness of this method make it useful for the treatment of uncomplicated strictures. Catheter diameter and catheterization length should be kept to a minimum to prevent or reduce the risk of recurrence.
